Considering changes, strong interference of load torque and moment of inertia for alternating current position servo system, a single neuron PID and sliding mode parallel compound control strategy is proposed. The parallel architecture that consists of a sliding mode variable structure controller of the position loop and the single neuron PID controller is designed. Sliding mode control inhibits the parameter perturbations and load disturbance, single neuron PID control realizes the online adjustments of the proportional, integral, differential parameters of traditional PID controller. The simulation results show that the designed parallel compound controller can guarantee static and dynamic system performance.
Introduction
The permanent magnet synchronous motor is the main executive mechanism of machine tool transmission. Its control structure consists of the current loop, velocity loop and the position loop. In the traditional machine tool servo systems, speed loop and position loop with PI or PID control is used to ensure that the location control of high precision, good tracking performance and positioning do not produce a continuous oscillation. Because this traditional control did not consider the nonlinearity of the model and parameter uncertainty, it is difficult to adapt to changes and strong interference of the moment of inertia.
In recent years, single neuron PID control and sliding mode variable structure control are widely used in alternating current servo systems. Advantages of sliding mode variable structure are adaptable to the system parameters change, less susceptible to outside interference [1] [2] [3] [4] . Single neural PID control has not only simple construction of the traditional PID controller, and online adjustment of PID parameters, and small amounts of computation, so is widely used [5] [6] . However, due to algorithm integral term weights relevant with the square of the error, when the error has been large for a long time, the parameters become too large, impact on learning effect, as well as an overflow phenomenon [7] . This article combines the advantages of sliding mode variable structure control and single neural PID control, designs the position loop controller according to the single neuron PID theory to improve the system's tracking performance. For model parameter perturbations and the effect of external disturbances, it is overcome by using sliding mode control. By simulation study, designed parallel compound control strategies compared with classic control, get a good tracking performance, the system more robust.
The linear mathematical model of permanent magnet synchronous motor basing on current decoupling control
Assumptions: (1) ignore the saturation effect; (2) uniform distribution of the motor air gap magnetic field, induced EMF sinusoidal shape; (3) excluding hysteresis and eddy current losses; (4) no excitation current dynamic response; (5) rotor no field winding; (6) the stator current field component I d = 0 when using the directional vector control of the rotor magnetic pole position.
According to the above assumptions, we can write the linear mathematical model of the system in the rotor coordinate system, namely d p coordinate system.
Where, u d , u q is the armature voltage component in d p coordinate system; i q , i d is the armature current component in dp coordinate system; L is the equivalent armature inductance (L=L d =L q ) in d p coordinate system; R, ω r is the armature winding resistance and the electrical angular velocity in d p coordinate system; Ψ f , p n is the corresponding permanent magnet rotor flux and motor pole pairs.
Position controller design

Position loop sliding mode controller design
Because of the speed loop response faster than position loop, which is the cutoff frequency of the position loop is much smaller than reciprocal of speed loop time constant. In the derivation of the control rate, the speed loop can be equivalent to first-order inertia. Let By the sliding mode reaching conditions, we can get parameters of the position loop sliding mode variable structure controller:
Single Neuron PID Controller
The structure diagram of single neuron adaptive PID controller is shown in Figure 1 . 
Where, e (k) is the error signal. Single neuron controller in the control process continuously adjusts the three weighting coefficients by supervised Hebb learning algorithm, which automatically adapts to the controlled object state changes in the environment. To ensure the convergence and robustness, the algorithm needs to be normalization. By normalization, the formula is given by: From above analysis, the simplify principle diagram of compound control is shown in Figure 2 . 
Simulation experiments
According to mathematical models, sliding mode controller and backstepping single neuron PID compound controller were designed respectively. The main parameters are as follows: the moment of inertia of the motor and load J=2.627×10-3kg·m2; friction torque 4.86N·m; system external disturbance torque 10N·m, electromagnetic torque coefficient Kt=1.11N·m/A; damping coefficient B=1.43×10-4N·m·s; stator resistance Ra=2.6Ω; winding inductance Ld=Lq=50×10-3H; rated current Ie=6.4A; maximum current allowed Imax=12.8A; number of pole pairs Pn=4; reducer reduction ratio 1:231. Sliding mode controller parameters are as follows: c3=47, α1=11, β1=-14, α2=0.02, β2=-0.005. Simulation parameters of single neuron controller are as follows: w1 (k) =0.025, w2 (k) =0.0001, w3 (k) =0.0001, ηP=0.35, ηI=0.0021, ηD=0.0001, K1=2; the error setting value of the compound controller is 0.12. Parameters of PID controller position loop are kp1=10, kI1=0.01, kD1=0.3.
Constant load disturbance
Suppose the simulation in the first second to add a step disturbance at 10N • m, position response curves of PID control and sliding mode single neuron PID compound control are shown in Figure 3 and Figure 4 . It can be seen from figures, using the traditional PID algorithm have a faster rise time, when the load disturbance occurs, position response have a larger offset and take longer to recover to a stable position. However using sliding mode single neuron PID compound control, the system has strong antiinterference ability, less subject to external forces, and a short time to reach equilibrium. 
System parameter perturbations
In order to verify the control effect when servo system parameter perturbations occur, assuming the moment of inertia changes from J=2.627×10 -3 kg·m 2 to J=5.254×10 -3 kg·m 2 , the system uses the above two options respectively, position response curves are shown in Figure 5 and Figure 6 . It can be seen from the figures, using PID control, the system appears slight overshoot, and later stabilized. Using back stepping single neuron PID compound control, the system responds to have no obvious variety. 
Sinusoidal tracking experiments
The target tracking function of the system is: 65sin (0.7166t), the tracking error curves are shown in Figure 7 and Figure 8 . It can be seen from the figures, compared with the traditional PID control, the compound control has a better tracking performance. 
Conclusion
Considering changes, strong interference of load torque and moment of inertia for the alternating current position servo system, this article combines the advantages of sliding mode variable structure control and single neural PID control, proposes a parallel compound control strategy. Through the analysis of system position loop and speed loop, the sliding mode variable structure position loop controller and single neuron PID controller are designed. The simulation results show that when the system parameter perturbations and external disturbances, the control scheme achieves a robust control system. Sliding mode control in the premise of a strong robustness, ensure a low position tracking error of the system, single neuron PID control adjusts control parameters, reducing the control effects dependent on the human factors.
